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Process for producing geranylgeranld 





(57) A process for producing geranylgeraniol is provided, which comprises the steps of subjecting a mixture of at 
least one ester derivative wherein one or more carbon-carbon double bonds in the molecule are in cis form represented 
by the general formula (1): 




(1) 



wherein R represents an aromatic group which can be substituted with at least one substituent, or a higher aliphatic 
group having from 7 to 25 carbon atoms, and wavy lines, respectively, represent a state where each carbon-carbon 
double bond can be present in cis or trans form, and an ester derivative of the general formula (2): 




(2) 



a wherein R ie ae defined above, to crystallization to obtain the eeter derivative of the formula (2) selectively, and hydrolyzing 

«3* the thus obtained ester derivative. 
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Description 

The present invention relates to e process for producing 3. 7. 11. 1S-tetramethylhexadeca-2E. 6E, 10E. U-tetraenol 
(hereinafter referred to simply as "geranylgeranior). „»-_s„ ko 

The geranylgeraniols obtained by the present invention are useful as starting materials for producing vitamin K2. 

^I^proc^s for producing gerany.geraniol include, for example, (1) a process herein Walkyto^spt^oec- 
etates are reacted with farnesylacetone. followed by reduction of the resultant compound wrth aluminum i hydnde [SYN- 
LETT 783 S and (2) eProcess wherein geranyl p-toiueneeulfonate is reacted with «*^^ n a " ^ 
n-butyl lithium, followed by de-sulfonation with metallic Irthium and amines (Japanese Patent Lad-open No. Sho 54- 

555 The oeranylaeraniol obtained by these processes Includes geometrical isomers wherein one or more of the carbon- 
carbon double bonds in the molecule are in cis form. Therefore, it is necessary to purify the mixture through .precise 
Sllation or column chromatography in order to obtain pure geranyigeraniol. whose carbon-carbon double bonds are 

so that the premedication of ge^^ 

nToMhrough column chromatography needs not only large amounts of solvents and packing matenals ; such as ^sUica geL 
Z also S preparation of a developing solvent and successive analysis of eluted actions « relation to time In me 
latter case it is necessary that a desired fraction or fractions should be collected based on the analysis, after winch the 
Sv^h« fo beTernlved. Thus, the purification of geranyigeraniol wrth column chromatography requires very compli- 
cated operations, and are not suitable for industrial applications. 

Anobject of the present invention is to provide an industrially useful process for producing geranyigeraniol in an 

easy and simple manner. 

The object of the present Invention can be achieved by the present invention described below. 

More particular* the present invention provides a process for producing 
subjecting a mixture of at least one ester derivative wherein one or more carbon-caibon double bonds m the molecule 
are in cis form represented by the general formula (1): 
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40 




(1) 



wherein R represents an aromatic group which may have at least one sutetituent. or a ^^^^^^ 
from 7 to 25 carbon atoms, and wavy lines, respectively, represent a state where each carbon-caibon double bond can 
be present in cis or trans form, and an ester derivative of the general formula (2): 



45 




(2) 



wherein R is as defined above, to crystallization in order to obtain the ester derivative of the formula (2) selectively, and 
so hydrolyzing the thus obtained ester derivative. 

The present invention is described in more detail. 

Theester derivatives of the formulae (1) and (2) are described In the formulae (1) and (2). R represents an ar ornate 
aroup which can be substituted with at least one substituent. or a higher aliphatic group having from 7 to 25 caibon 
atoms The aromatic groups represented by R include, for example, a phenyl group, a naphthyl group, an anthryl group. 
55 aS grouTa Jury. grouped the like. These aromatic groups can be substituted with at least one substtuent. 
Examples of the substituent Include lower alkyl groups such as a methyl group, an ethyl grow a n-propyl grouper i .- 
propyl group, a n-butyl group and a t-butyl groip; halogen atoms such as chlorine, bromine and iodine; a carboxyl group 
alkoxycarbonyl groups such as a methoxycarbonyl group and an ethoxycaroonyl group; acyl groups such « an acetyl 
group and a benzoyl group: alkoxy groups such as a methoxy group and an ethoxy group: a nrtnle group: a nrtro group. 
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alkylsulfonyl groups such as a methylsulfonyf group and an ethylsulfonyl group; arylsulfonyl 

n«ull3^ D Tnd a phenylsuHonyl group: an amino group; alkylamino groups such as a drnielhylammo group a 

mThSJirS^ou^nd tX^Z %Z and a hydroxy group. The aromatic group may have one or more subs*- 

Tr^ hX^haTgmups having from 7 to 25 carton atoms and represented by R include alkyl BW-u*. 
a n-heolyl gm^p fn oct5 group, a n-nonyl group, a n^iecyl gmup. a n-undecyi group, a n^odecyl group, a , n-todecyt 
nr^Ta nJSSecJ oVoup a n-pentadecyl group, a n-hexadecyl group, a n-heptadecyl group, a n-octadecyl group, a 
nZaoec^^ 

orouD and an 8,11-heptadecadienyl group; and an atkynyl group euch as a 1-undecynyl group. 

LTcffic ex^plesof the ester derivatives of theformula (2) wherein R represents an aromatic group which can be 
subsS EESC substtuen, inCude geranylgeranyl ^I^S "SSSSUS 
n^ranvl 3-naoMhvlcarboxylate, geranylgeranyl 9-anthracenecarboxylate. geianylgeranyl tolyfate. geranylgeranyl p 
SXESLJi!^^ geranylgeranyl p^henylcart^nytoen^er- 

a^oSTnSo^nxoateT^eranyl m-nitrobenzoate. geranylgeranyl p-nitrobenzoate. geranylgeranyl o- 
3££££n5ml ^ ^nSrobenzoate. geranylgeranyl p-phenylsuKonytoenzoate. aemn^g^yl p-meth- 
jSonytbenzo'ate. geVan7geranyl dimethylaminobenzoate. aeranylgeran^ ^SS^JSSSS^^ 
cyanobenzoate. geranylgeranyl p-hydroxybenzoate, geranylgeranyl mcotmate. geranylgeranyl 2-furylcartoxylate, ana 

th6 specific examples of the ester derivatives of the formula (2) wherein R represents ^^SS^SS^ 

to 2Scarbon atoms include geranylgeranyl octate. geranylgeranyl laurate. geranylgeranyl myriatate. 

rate 

*' 'IrTtnepracticeof Ihepresent invention, the mixture of the ester derivatives of the formulae (1) and (2) can be prepared 
as filows A mSure of «i alcohol of the following formula (3) wherein the wavy lines are. respectively. *s defined 
herSSre aTlerein one or more carton-carbon ^^^"^J^^^^Z 
niol which is obtained by the reaction set forth in the afore-mentioned document [SYNLETT 7B3 ( 1 9 M )J or / ^ a Pf 1 ^^ 

Pained tpt^^^ 

R £ as deSS hereinbefore and R' is the same substitoent as R or represents a tower alkyl group such as a methyl 
group, an ethyl group, a propyl group, an i-propyl group or a t-butyl group. 
The reaction sequence is shown below: 
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40 



(3) 



0 



(4) 



0 0 



geranylgeroniol 





(T R 



(1) 



(2) 



60 
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For the above esterffication reaction with the carboxylic acid derivative of the formula (4) where X s a halogen 
atom su* as chlorine, bromine, iodine, or with the carboxylic acid derivative of the formula (5) ^ cringe** 

S T^^erincation reaction is carried out in an organic solvent. e.g.. benzene, toluene, methylene chlonde. 

S^Snl presence of not less than an eouirnolar amount, ^°*°^£™ d dan "" w - °* an 
amine such as triethylamine. tributylamine, pyridine or the like, at a temperature of from 0 to 1 00 C. 

ThtSo^ reaction with g cartoxylic acid derivative of the formula (4) where X « a hydroxy group 

isJr^tSSSfSSSg manner. The carboxyfic acid derivative is added to the mixtore of the alcohol o^ 
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(S\ and the aeranylaeraniol in an amount of 1 to 3 moles per mole of the mixture together with an esterifying agent, ag. 

of fiTcaSylic add derivative. The esterification reaction is carried out in an organic solvent ^SSSTtt 
Lindane chloride cHoroform. i-propyl ether, tetrahydrofuran. n-hexane, cyclohexane. N, N-d.methylfOTmam.de. N- 
mSMp^^7 W ^e^in a, aTunt by weight of ! to 200 toes that of the mixture of 
™ J^Hhl ^ararwiLraniol at a temperature of from 0 to 100 «C. The esterification reaction is performed in the presence 
^^^S^^Z^^. gamine. or the .ike. in not iess than an equimolar amount 

relative 1o the carboxylic acid derivative. 

The resuitant reaction mixture of the esterification is after-treated as follow*: water is added to the 
to stoo theWtton- the product is extracted with a solvent such as hexane. toluene, d-ethyl ether, .-propyl ether or 
ZSJZ IHEEI ? and *e^sultant extract is washed with diluted hydrochloric acid, water and an aqueous sod.um 
SZ?£^*™£X removal of sotvent. The resultant mixture of the ester derivatives of the formulae 
m and 12\ can be used as it is in the practice of the present invention. 

^inaSTthe mixture of the ester derivatives of the formulae (1) and (2) can be prepared from 3^ 7 115- 
tetra^Th^de^T. 6E 10E, i4E-tetraen-3-ol (hereinafter referred to simply as "geranyllinalooH In Hie following 
m^Ti QerSSo is li st halogenated to obtain a mixture of a halogenated derivative of the following formula (6) 
ZT«!n Y rlSert -a ha loTen atom such as chlorine, bromine, iodine or the like and a halogenated denvative of the 
STjSm^*d^ above, followed by further reaction with a metal cart>oxyjate wherein R rs 
as dSed Thereinbefore and M represents an alkali metal such as sodium, potassium, hth.um or the l.ke. 

The reaction sequence is shown below: 
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0 

MO^R 
(8) 



^ Halogenation 



OH 





(Ar (2) 



(1) 



BO 



55 



in the above sequence, geranyHmalool is halogenated. in an organic solvent, ag benzene, toluene ^ethylene 
chloride] Sorotorm "propyl ettw, tetrahydrofuran. n-hexane. cyclohexane or the like, in an amount by we-ght of I to 
So toesS^oTthe geSyllinalool. with a halogenating agent, e.g.. phosphorus trichloride, phosphorus tribromKla 
pho^sSSid?5 

of 1/3 to 2 moles per mole of the geranyllinalool at a temperature of from -20 to 60 «C. 

When thionyl chloride, thionyl bromide or oxalyl chloride is used as halogenating agent, rt is to skM an 
artnTsuch as wmethy.am.ne, triethylamine, tributylamine, pyridine or the like to the reason syaem .n not le* than 
an^ufmoWamoumr^ativetothehalogenatlngage^ 

theVeaction. Thereafter, the product is extracted with a solvent such as toluene. n-r^e, ^^her 

or methylene chloride. The resultant extract fe washed with water and an aqueous sodium b.carbonate successively, 

Mto te *ZSS^Z£L^ derivatives of the formulae (6) and (7, can be converted to a mixture of 
the 2er Selves of the formulae (1) and (2) through reaction with the metal <= a ^ Bt « ^J^T"' 8 J**™* 
eacttan is carried out in a solvent, e.g.. benzene, toluene, n-hexane. cyclohexane. n-pentane. tetrahydrofuran, .propyl 
0£Z ^e^jn an amount by weight of 1/2 to 200 times that of the mixture of the halogenated der.vat.ves of the 
Sutae^) Sd It) fcS presences a phase-transfer catalyst, in an amount of 0.2-10 mol% <rf ^ogena^ 
Stives at a temperature of from 40 to 150 Examples of the phase-transfer catalysts .nclude n-tetrabutylammo- 
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nium chloride, n-tetrabutylammonium bromide, n-tetrabutylammonium iodide, stearyltrimethylammonium chloride, 
stearyltrimethylammoniiim bromide, stearyHrimethylammonium iodide and the like. 

The metal carboxylate of the formula (8) is used in an amount of 1 to 3 moles per mole of the halogenated derivatives 
of the formulae (6) and (7). The reaction mixture is cooled down to room temperature. Thereafter water is added to the 
s reaction mixture. Then the product is extracted with a solvent such as a toluene, n-hexane. diethyl ether, i-propyl ether 
or methylene chloride. The resultant extract is washed with diluted hydrochloric acid, water and an aqueous sodium 
bicarbonate successively, followed by removal of the solvent. The mixture of the ester derivatives of the formulae (1) 
and (2) can be used as it is in the practice of the present invention. 

The mixture of the ester derivatives of the formulae (1) and (2) are then crystallized to obtain an ester derivative of 
10 geranylgeraniol of the formula (2) selectively. 

The solvents used for the crystallization include alcohol solvents such as methanol, ethanol. i-propanol. n-butanoi 
and methyl cellosolve; aliphatic solvents such as n-hexane, cyclohexane and n-heptane; aromatic solvents such as 
benzene toluene and xylene; halogenated solvents such as methylene chloride and chloroform; ester solvents such as 
ethyl acetate and butyl acetate; and ether solvents such as diethyl ether, isopropyl ether and methyl t-butyl ether. The 
15 solvents most suitable for the crystallization should be properly selected from the standpoint of the solubility of the 
mixture to be crystallized, the amount of solvent, the filtration temperature and so on. Ordinarily alcohol solvents such 
as methanol ethanol. i-propanol and n-butanol. an aliphatic solvent such as n-hexane. and an aromatic solvent such 
as toluene are used for the crystallization. Of these, the alcohols such as methanol, ethanol, i-propanol and n-butanol 
are preferred. 

20 These solvents can be used alone or in combination. The amount by weight of the solvent generally ranges from 
1 /3 to 1 00 ti mes that of the mixture of the ester derivatives of the formulae (1 ) and (2) . If the mixture of the ester derivatives 
of the formulae (1) and (2) is unlikely to dissolve depending on the type and amount of the solvent used, it can be 
dissolved by heating. 

After the dissolution of the mixture of the ester derivatives of the formulae (1) and (2) In a solvent, the resultant 
solution is gradually cooled down in order to permit crystals to precipitate. On the way of the cooling, seed crystals of 
the target ester derivative to be crystallized may be added in small amounts with some possibility that crystals of higher 
purity are obtained. , 

The thus precipitated crystals are separated by any known procedures such as filtering operations using filter paper, 
filter doth or a glassfilter. Although the crystals may be separated at a temperature at which the crystals are precipitated , 
they are obtained in greater amounts when the separation is carried out at temperatures lower by 1 to 50 *C than the 
precipitation temperature. ( mt 

According to the crystallization set out above, the ester derivative of geranylgeraniol of the formula (2) is crystallized 
or obtained in the form of a concentrated solution. If the ester derivative of geranylgeraniol of the formula (2) has a purity 
lower than an intended level, similar crystallization can be repeated, thereby increasing its purity. Thus, the ester derrv- 
35 ative of geranylgeraniol of the formula (2) can be obtained selectively from the mixture with its geometrical isomer which 
has one or more carbon-carbon double bonds of a ds form in the molecule. 

The ester derivative of geranylgeraniol of the formula (2) obtained by the crystallization is converted to geranylgera- 
niol through hydrolysis. . 

The hydrolysis is carried out under ordinary conditions. For instance, the ester derivative of geranylgeraniol of the 
40 formula (2) is hydrolyzed in an alcohol solvent, eg., methanol, ethanol, i-propanol, n-butanol or the like, in an amount 
by weight of 0.5 to 200 times that of the ester derivative of geranylgeraniol. with an aqueous solution of alkali metal 
hydroxide or alkali earth metal hydroxide with a concentration of about 0.5% to 50% under the condition that the hydroxide 
is present in an amount of 1 to approximately 10 moles per mole of the ester derivative of geranylgeraniol. Examples of 
the alkaP metal hydroxide or alkaline earth metal hydroxide include sodium hydroxide, potassium hydroxide, lithium 
46 hydroxide, barium hydroxide and the like. The hydrolysis reaction is conducted at a temperature ranging from 0 to 150 
°C, preferably from 20 to 80 °C. Generally, the hydrolysis reaction is completed within a range of one minute to about 5 

hours. . . 

After the completion of the hydrolysis, water and an organic solvent such as toluene, hexane. diethyl ether or i-propyl 
ether are, respectively, added to the reaction mixture in amounts by weight of 1 to 10 times that of the alcohol solvent 

so used. The resulting organic phase is separated and washed with water, followed by removal of solvent. If desired, the 
resultant residue is distilled under reduced pressure to give a geranylgeraniol of high purity. It wiO be noted that in the 
after-treatment for the hydrolysis of the ester derivative of geranylgeraniol of theformula (2) wherein R is a higher aliphatic 
group, the solution obtained after addition of water and an organic solvent to the reaction mixture may be in the form of 
an emulsion, resulting in the failure of the separation of organic phase. To cope with this, methanol is used for the solvent 

55 in hydrolysis while employing a minimum amount of water, under which the ester derivative of geranylgeraniol is hydro- 
lyzed. Thereafter, the hydrolyzed product is repeatedly extracted with an aliphatic solvenl such as hexane. By this, 
geranylgeraniol can be readily obtained. 
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According to the present invention, geranylgeraniol, useful as a starting material for the preparation of vitamin K2, 
tocotrienols and so on. can be readily produced in an easy and simple manner as will not be achieved by prior art. Thus, 
the present Invention is very useful for industrial production of geranylgeraniol. 

Other features of the present invention will become apparent in the course of the following descriptions of exemplary 
5 embodiments which are given for illustration of the present invention and are not rendered to be limiting thereof. 

Examples 

In ensuing examples and references, the purity of compounds is intended to mean a content (wt%) of a compound 
10 in a mixture. 

Reference 1 (Preparation of a mixture of geranylneryt stearate/geranylgeranyl stearate from geranylllnalool) 

10 ml (105 mmols) of phosphorus tribromide was gradually added to 500 ml of a solution of 67 g (300 mmols) of 

is geranyllinalool in i-propyl ether at 0 °C. The mixtue was stirred at the same temperature for 1 00 minutes. 300 ml of water 
was added to the reaction mixture and the resulting organic phase was separated and washed with 200 ml of water, 
200 ml of a 2% aqueous sodium bicarbonate and 200 ml of water successively, followed by removal of the solvent under 
reduced pressure to give 122.87 g of a residual oil. 88.6 g of the thus obtained oil was gradually added, at 1 10 °C f into 
250 g of a toluene solution containing sodium stearate, which was prepared from 70 g (246 mmols) of stearic acid and 

20 47.44 g (246 mmols) of 28% methanolic sodium methoxide. and 4.03 g of tetrabutylammonlum bromide. The mixture 
was stirred at the same temperature for 1 hour. After cooling down to room temperature, the precipitate was removed 
with a glass filter and the filtrate was washed with 100 ml of water and 100 ml of a 2% aqueous sodium bicarbonate 
successively, followed by removal of the solvent under reduced pressure to give 1 10.93 g of a residual oil. The results 
of HPLC analysis of the product revealed that it contained 27.07 g (48.6 mmols) of geranylneryl stearate with a purity 

26 of 24.4% and 66.89 g (120.2 mmols) of geranylgeranyl stearate with a purity of 60.3%. Part of the thus obtained oi! was 
used as it is in Example 1 appearing hereinafter. 

The conditions of the HPLC analysis are as follows. 
Column: Licrosorb Si-60, 250 mm x 4 mm (made by GL Science INC.) 
Solvent: methyl t-butyl ether/iso-octane = 1.5/98.5 (v/v). 0.5 ml/minute 

$0 Detector: 21 0 nm UV detector 
Internal standard: diphenyl 

Reference 2 (Preparation of a mixture of geranylneryl palmitate/geranylgeranyl palmitate from a mixture of geranylne- 
rol/geranylgeraniol and palmitic acid in the presence of N-methyl-2-chloropyridinium iodide) 

35 

100 ml of a methylene chloride solution of 20.5 g (80 mmols) of N-methyl-2-chloropyridinium iodide was gradually 
added, at room temperature, to 1 50 ml of a methylene chloride solution containing 16.52 g of a mixture of 4.57 g (15.76 
mmols) of geranylnerol with a purity of 27.7% and 9.30 g (32.07 mmols) of geranylgeraniol with a purity of 56.3%, 15.4 
g (60 mmols) of palmitic acid and 5.53 g (70 mmols) of pyridine. The mixture was ref luxed for 5 hours. After cooling 

40 down to room temperature, 100 ml of water was added to the reaction mixture and the resulting organic phase was 
separated and washed with 1 50 ml of 5% hydrochloric acid. 1 50 ml of water, 1 50 ml of a 2% aqueous sodium bicarbonate 
and 150 ml of water successively, followed by removal of the solvent under reduced pressure to give 23.42 g of a residual 
oil. The results of HPLC analysis of the product revealed that if contained 6.65 g (1 2.59 mmols) of geranylneryl palmitate 
with a purity of 28.4% and 13.5 g (25.66 mmols) of geranylgeranyl palmitate with a purity of 57.9%. The oil was used in 

46 Example 3 appearing hereinafter. 

The conditions of HPLC analysts are those as used in Reference 1 . 

Reference 3 (Preparation of a mixture of geranylneryl p-nitrobenzoata/geranylgeranyi p-nitrobenzoate from geranyllina- 
lool) 

60 

1 0 ml (1 05 mmols) of phosphorus tribromide was gradually added to a sol ution of 87 g (300 mmols) of geranyllinalool 
in 500 ml of i-propyl ether. The mixture was stirred at the same temperature for 3 hours. 300 ml of water was added to 
the reaction mixture and the resulting organic phase was separated and washed with 200 ml of water, 200 ml of a 2% 
aqueous sodium bicarbonate and 200 ml of water successively, followed by removal of the solvent under reduced pres- 
55 sure to give 1 1 0.86 g of a residual oil. The thus obtained oil was gradually added, at 1 10 °C, to a suspension of 56.7 g 
(300 mmols) of sodium p-nitrobenzoate and 1 .93 g (6 mmols) of tetrabutylammonium bromide in 500 ml of toluena The 
mixture was stirred at the same temperature for 2 hours. After cooling down to room temperature, the precipitate was 
removed with a glass filter and the filtrate was washed with 200 ml of water, 200 ml of a 2% aqueous sodium bicarbonate 
and 200 ml of water successively, followed by removal of the solvent under reduced pressure to give 137.63 g of a 
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residual oil The results of HPLC analysis of the product revealed that it contained 28.9 g (66 mmols) of geranylneryl p- 
nitrobenzoate with a purity of 21.0 % and 76.39 g (174 mmols) of geranylgeranyi p-nitrobenzoate with a purity ol 55.5%. 
Part of the thus obtained oil was used as h is in Examples 8 and 9 appearing hereinafter. 
The conditions of HPLC analysis are as follows. 
5 Column: Licrosorb Si-60, 250 mm x 4 mm (made by GL Science INC.) 
Solvent: methyl t-butyl ether/iso-octane = 5/95 (v/v). 0.5 ml/minute 
Detector: 220 nm UV detector 
Internal standard: benzophenone 

10 Reference 4 (Preparation of a mixture of geranylneryl p-metrio)cycaiboriylbenzo^e/fleranylgeranyl p-methoxycarbonyl- 
benzoate from a mixture of geranylnerol/geranylgeraniol and p-methoxycarbonybenzoyl chloride) 

20 ml of tetrahydrofuran solution of 9.53 g (48 mmols) of p-methoxycarbonylbenzoyl chloride was gradually added 
at room temperatuere, to 50 ml of a tetrahydrofuran solution containing 12.0 g of a mixture of 4.3 g (14.83 mmols) of 

is geranylnerol with a purity of 35.8% and 7.32 g (25.2 mmola) of geranylgeraniol with a purity of 61.0%, and 3.80 g (48 
mmols) of pyridine. The mixture was ref luxed for 3 hours. After cooling down to room temperature. 1 00 ml of n-hexane 
and 100 ml of water were added to the reaction mixture and the resulting organic phase was separated and washed 
with 100 ml of a 5% aqueous hydrochloric acid, 100 ml of water, 100 ml of a 2% aqueous sodium bicarbonate and 100 
ml of water successively, followed by removal of the solvent under reduced pressure to give 19.27 g of a residual oil. 

20 The results of HPLC analysis of the product revealed that it contained 5.55 g of geranylneryl p-memoxycarbonyibenzoate 
with a purity of 28.8% and 9.45 g of geranylgeranyi p-methoxycarbonylbenzoate with a purity of 49.0%. The thus obtained 
oil was used as it is in Example 10 appearing hereinafter. 

The conditions of HPLC analysis are as follows. 
Column: Licrosorb SI-60. 250 mm x 4 mm (made by QL Science INC.) 

25 Solvent: methyl t-butyl ether/iso-octane = 1 .5/98.5 (v/v), 1 .5 ml/minute 
Detector: 220 nm UV detector 
Internal standard: benzophenone 
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Example 1 (crystallization of geranylgeranyi stearate: first time) 



67.0 g of a mixture of 16.35 g of geranylneryl stearate (purity: 24.4%) and 40.4 g of geranylgeranyi stearate (purity: 
60 3%) wa sdssolvedin512gof ethanol atroo^ 
stearate (seed crystal) was added in small amounts to make crystals precipitated, followed by cooling down further to 
2 7 °C Thereafter, the precipitates were filtered at the same temperature as indicated above and the obtained cake 
35 (precipitates) was rinsed with a small amount of cooled ethanol. The ethanol rinsings were added to the filtrate. Trie 
cake obtained was dried under reduced pressure at room temperature to give 35.8 g of oil. The results of HPLC analysis 
of the product revealed that it contained 31 .2 g of geranylgeranyi stearate with a purity of 87.2% and 3.78 g of geranylneryl 
stearate with a purity of 10.6%. 

The HPLC analysis conditions are those as used in Reference 1 . 

Moreover. 28.13 g of a residual oil was obtained through concentration of the filtrate, which contained 8.9 g of 
geranylgeranyi stearate with a purity of 31 .6% and 12. 44 g of geranylneryl stearate with a purity of 44.2% 

Example 2 (crystallization of geranylgeranyi stearate: second time) 

35.8 g of the oil (containing 31.2 g of geranylgeranyi stearate) obtained in Example 1 was dissolved in 450 g of 
ethanol followed by crystallization in the same manner as in Example 1 to give 26.67 g of oil from the cake (precipitates) 
which contained 25.61 g of geranylgeranyi stearate with a purity of 96% and 0.418 g of geranylneryl stearate with a 
purity of 1 6%. and 12.0 g of a residual oil from the f atrate which contained 5.52 g of geranylgeranyi stearate with a purity 
of 46.0% and 3.30 g of geranylneryl stearate with a purity of 27.5%. The oil obtained from the cake was crystallized at 
60 11.4 °C to 12 °C. 

PH-NMR data of cake (geranylgeranyi stearate)] 

1H-NMR [6(ppm). 300 MHz, CDCI 3 ] , , IX A , , . u 

0.89 (t, J = 7.0 Hz, 3H). 1.26 (s, 30H), 1 .61 (S. 9H), 1.68 (S, 3H), 1.71 (s, 3H), 1.98-2.15 (m, 12H). 2.30 (t. J = 7.4 Hz, 
2H). 4.60 (d. J = 7.1 Hz, 2H). 5.11 (m, 3H). 5.32 (t. J = 7.1 Hz, 1H) 
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Examples 3 to 13 

Various ester derivatives were crystallized in the same manner as in Example 1 , and the results are shown in Tables 
1 to 4. 
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In Table 4. the p-ritrobenzoate ester mixture A indicated in Examples 12, 13 is one which contains the following 
ester derivatives. The quantitative analyses of these ester derivatives are difficult and only a total amount is shown. 
3,7,11,1 6-tetramethyl-2Z,6Z, 1 0Z, 1 4-hexadecatetraene p-nitrobenzoate 
3.7,11,1 6-tetramethyl-2E , 6Z, 1 0Z, 1 4-hexadecatetraene p-nitrobenzoate 
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3.7,1 1 , 1 S-tetramethyl^.eZ, 1 0E.1 4-hexadecatetraene p-nitrobenzoate 
3.7, 11,1 6-tetramethyl-2Z,6E,1 0Z,1 4-hexadecatetraene p-nitrobenzoate 
3,7,1 1 , 1 6-tetramethyl-2Z l 6E,1 OE, 1 4-hexadecatetraene p-nitrobenzoate 
3.7,1 1. i6-tetramethyl-2E,6E.lOZ,14-hexadecatetraene p-nitrobenzoate 
3,7.1 1.16-tetramethyl-2E.6Z.10E.14-hexadecatetraene p-nitrobenzoate 

(Conditions of HPLC analysis in the tables) 

1. Analyses of aeranviQeranv i palmitate. oeranvloeranvl mvristate and Qeranylgeranyi laurate 

Same as in Reference 1. 

2. Analysis of qeranylae ranvi p-nitrobenzoate 

Same as in Reference 3. 

3. Analysis of oeranvlaeranyl D-methoxvcarbonvlbenzoate and aeranvtaeranvt m. m-dinitrobenzoate 

Same as in Reference 4. 
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The crystallization temperatures and 1H-NMR data of the cakes obtained in the examples 3-1 3 are shown in Table 5. 
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Example 14 (Preparation of geranylgeraniol through hydrolysis of geranyigeranyl stearate) 

250 g of methanol, 4.7 g of potassium hydroxkie and 10 g of water were added to 2*0 g of 0"^Bmny stearate 
(containing 22.08 g of geranyigeranyl stearate and 0.37 g of geranylneryl stearate) obtained as a cake * in Example 2^ 

5 TrttreadionmixtuTevL^ 

was added, "me resulting organicphase was separated, and the aqueous phase (lower phase) was washed tw ce wrth 
S g of hexanl SSer the hexane washings were combined to the organic phase, followed by washing h^ with 
o2 ? of a1o% aqueous methanol The resuftant organic phase was ^^^'^^^L JTa ^ 
g of aude geranyieraniol. This crude product was subjected to simple distiltotion ( 37 -C 0.3 rnmHg) ^^2 ^ 

,o a main fraction. The results of the analysis of the obtained fraction with gas chromatography revealed that .t contamed 
geranylgeraniol with a purity of 98.1% and geranylnerol with a purity of 1.2%. 

The conditions of the analysis of the gas chromatography are as follows. 
Column: PEG-HT 5%, 80/100 mesh. Chromosoib WAW DMCS (made by GL Science INC.) 
Cven temperature: 210 °C 

is Injection temperature: 240 "C 
Carrier gas: nitrogen. 1 .5 kg/cm* 
Detector: FID 

Example 15 (Preparation of geranylgeraniol through hydrolysis of geranyigeranyl p-nrtrobenzoate) 

1 00 g of ethanol. 7.88 g of sodium hydroxide and 30 g of water were added to 75 g of geranylgeranylp-nitrobenzoate 
(containing 0.98 g of geranylneryl p-nitrobenzoate and 67.35 g of geranyigeranyl p-nitrobenzoate) obtained as a _caKa 
nE^mp.e7.Ther^^^ 

g of toluene and 200 g of water were added. The resulting organic phase was separated and washed twice with 200 g 
* of wZ and concerned under reduced pressure to give 55 g of crude geranylgeraniol. Th,s crude 'Product vk* , sub- 

Jcted to simple distfllation (154 -C. 0.5 mmHg) to give 42.1 g of a main fraction The resufe or ^ 

obtained fraction with gas chromatography under the same conditions as in Example 14 revealed that rt contained ger- 

anvloeraniol with a pur'rty of 97.8% and geranylnerol with a purity of 1.2%- 
" cSoisly. numerous modifications and variations are possible in light of the above teachn^H £ Jeretae to be 
30 understood that within the scope of the appended claims the present invention may be practiced otherwise than as 

specifically described herein. 
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A process for producing 3, 7. 11. 15-tetramethylhexadeca-2E. 6E, 10E. 14-tetraenol comprising the steps of sub- 
jecting a mixture of at least one ester derivative wherein one or more carbon-carbon double bonds In the molecule 
are in cis form represented by the general formula (1): 



40 




(1) 



wherein R represents an aromatic group which can be substituted with at least one substrtuent. or a i higher ahphatic 
group having from 7 to 25 carbon atoms, and wavy lines, respectively, represent a state where each carbon-carbon 
double bond can be present in cis or trans form, and an ester derivative of the general formula (2): 



so 



SB 




(2) 



wherein R is as defined above, to crystallization in order to obtain the ester derivative of Ihe formula (2) selectively, 
and hydrolyzing the thus obtained ester derivative. 
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A orocess according to Claim 1. characterized in that R in the formulae (1) and (2) is an aromat.c group wh.ch can 
^SS vSi at least one substituent selected from the group consisting of a methyl group, an e hy group, a 

npmpX^ 

a Srboxvlai a methoxycarbonyl group, an ethoxycarbonyl group, an acetyl group, a benzoyl group, a methoxy 
IZ^lZtZ. a nTtri.e group 8 a nL group, a methy.su.fony. gmup. an ethinyl group a .p£™£ 
fonyl group, a^enylsulfonyl group, an amino gron>. a dimethylamino group, a methytemmogroup. an ethylam.no 
group and a hydroxy gron>. 

A process according toClaiml. characterized in mat R is a higher aDphatic group sel^^ 
of a n-heptyl grot* a n-octyl group, a n-nonyl group, a n-decyl group, a n-undecyl group, a ^od^l gmup. ^ 
trWeCyTSp a n-tetradecyl group, a rvpentadecyl group, a n-hexadecyl group, a n-heptadecyl gro*J. a n-octadecyl 
gmS a^o'ide^oS. a n^cos/group. a henicosy. group, a Hecenyl group, an 3-haxadeceny. group, an 
B,11-heptadecadieryl group and a 1-undecynyl groi^. 

A process according to anyone of claims 1 to 3, characterized in that the crystallization Is carried out in at least one 
soK detected from the group consisting of methanol, ethanol. i-propano., n-butanol. methyl ce '^°^exane. 
c^Jr«xane "hitane. benzene. to.uene. xylene, methylene chloride, chloroform, ethyl acetate, butyl acetate, 
diethyl ether, i-propyl ether and methyl t-butyl ether. 

A process according to anyone of claims 1 to 3, characterized in that the crystallization is carried out in at least one 
^CtSSed from thegroup consisting of methanol, ethanol. i-propanol. n-butanol. n-hexane and toluene. 
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